
Two-electron reduction of oxygen to
produce hydrogen peroxide is a much re-
searched topic. Most of the work has been
done in the production of hydrogen per-
oxide in basic media, in order to address
the needs of the pulp and paper industry.
However, peroxides under alkaline condi-
tions show poor stabilities and are not use-
ful in disinfection applications. There is a
need to design electrocatalysts that are
stable and provide good current and en-
ergy efficiencies to produce hydrogen
peroxide under acidic conditions.

The innovation focuses on the in situ gen-
eration of hydrogen peroxide using an elec-
trochemical cell having a gas diffusion elec-
trode as the cathode (electrode connected
to the negative pole of the power supply)
and a platinized titanium anode. The cath-
ode and anode compartments are sepa-
rated by a readily available cation-exchange
membrane (Nafion® 117).  The anode
compartment is fed with deionized water.
Generation of oxygen is the anode reaction.

Protons from the anode compartment
are transferred across the cation-exchange
membrane to the cathode compartment by
electrostatic attraction towards the nega-
tively charged electrode. The cathode com-
partment is fed with oxygen. Here, hydro-
gen peroxide is generated by the reduction
of oxygen. Water may also be generated in
the cathode. A small amount of water is also
transported across the membrane along
with hydrated protons transported across

the membrane. Generally, each proton is
hydrated with 3–5 molecules.

The process is unique because hydro-
gen peroxide is formed as a high-purity
aqueous solution. Since there are no
hazardous chemicals or liquids used in
the process, the disinfection product
can be applied directly to water, before
entering a water filtration unit to disin-
fect the incoming water and to prevent
the build up of heterotrophic bacteria,
for example, in carbon based filters.

The competitive advantages of this
process are:
1. No consumable chemicals are needed

in the process. The only raw materials
needed are water and oxygen or air.

2. The product is pure and can therefore
be used in disinfection applications di-
rectly or after proper dilution with
water.

3. Oxygen generated in the anode com-
partment is used in the electrochemical
reduction process; in addition, external
oxygen is used to establish a high flow
rate in the cathode compartment to re-
move the desired product efficiently.
Exiting oxygen can be recycled after
separation of liquid hydrogen peroxide
product, if so desired.

4. The process can be designed for per-
oxide generation under microgravity
conditions.

5. High concentrations of the order of
6–7 wt% can be generated by this

method. This method at the time of
this reporting is superior to what other
researchers have reported.

6. The cell design allows for stacking of
cells to increase the hydrogen perox-
ide production.

7. The catalyst mix containing a di qua -
ternary ammonium compound enabled
not only higher concentration of hydro-
gen peroxide but also higher current ef-
ficiency, improved energy efficiency, and
catalyst stability.

8. The activity of the catalyst is main-
tained even after repeated periods of
system shutdown.

9. The catalyst system can be extended
for fuel-cell cathodes with suitable
modifications.
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Plasma-enhanced chemical vapor depo-
sition (PECVD) and high-throughput
manufacturing techniques for integrating
single, aligned carbon nanotubes (CNTs)
into novel 3D nanoscale architectures
have been developed. First, the PECVD
growth technique ensures excellent align-

ment of the tubes, since the tubes align in
the direction of the electric field in the
plasma as they are growing. Second, the
tubes generated with this technique are
all metallic, so their chirality is predeter-
mined, which is important for electronic
applications. Third, a wafer-scale manu-

facturing process was developed that is
high-throughput and low-cost, and yet en-
ables the integration of just single,
aligned tubes with nanoscale 3D architec-
tures with unprecedented placement ac-
curacy and does not rely on e-beam li-
thography. Such techniques should lend
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Fabrication of Single, Vertically Aligned Carbon Nanotubes in
3D Nanoscale Architectures
Potential applications of this process are integrated circuits, nano switches, and biological sensors.
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